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Abstract ²  7KLV SDSHU SUHVHQWV WKH GHVLJQ LPSOHPHQWDWLRQ
DQGPHDVXUHPHQW UHVXOWV RI SRZHUGHWHFWRUV 3'V RSHUDWLQJ DW
:EDQGDQG'EDQG7ZRGHWHFWRUVDUHGHVLJQHGDQGIDEULFDWHG
LQ ȝP 6L*H %L&026 WHFKQRORJ\ 7KH PHDVXUHG PLQLPXP
1(3VDUHDQGS:+]DQGWKHSHDNUHVSRQVLYLWLHVDUH
DQGN9:IRUWKH:EDQGDQG'EDQGSRZHUGHWHFWRUV
UHVSHFWLYHO\ %RWK WKH 3'V KDYH ZLGHEDQG LQSXW PDWFKLQJ WR
LPSURYHWKHSHUIRUPDQFHRYHUWKHHQWLUHEDQGZLGWKDQGRFFXS\
OHVVWKDQPPRIDUHD7KHIDEULFDWHGFKLSVGHPRQVWUDWHWKH
VWDWHRIWKHDUW UHVSRQVLYLW\ SHUIRUPDQFH WR EH XWLOL]HG LQ:'
EDQGVUDGLRPHWHUV\VWHPV
Index Terms — Millimeter wave detectors, Millimeter wave 
circuits, millimeter wave radiometry 
,,1752'8&7,21
'HVLJQ RI PLOOLPHWHUZDYH PPZDYH LQWHJUDWHG FLUFXLWV
,&V LV DQ DFWLYH DUHD RI UHVHDUFK GULYHQ E\ WKH SRWHQWLDO
DSSOLFDWLRQV DQG HQDEOHG E\ WKH DGYDQFHPHQWV LQ SURFHVV
WHFKQRORJLHV VXFKDV&026DQG6L*H%L&0267KHXQLTXH
SURSHUWLHV RI PPZDYH VSHFWUXP VXFK DV ORZ DWWHQXDWLRQ
WKURXJK IRJ UDLQ DQG GXVW DQG WKH H[LVWHQFH RI DWPRVSKHULF
SURSDJDWLRQ ZLQGRZV DW  DQG  *+] DUH HVSHFLDOO\
VLJQLILFDQW IRU SDVVLYH LPDJLQJ V\VWHPV $LUFUDIW JXLGDQFH
ORZ YLVLELOLW\ QDYLJDWLRQ VXUYHLOODQFH EHDFRQ GHWHFWLRQ RLO
VSLOO GHWHFWLRQ VHDUFK DQG UHVFXH JURXQG QDYLJDWLRQ
FRQFHDOHGZHDSRQVGHWHFWLRQDUHVRPHRIWKHSDVVLYHLPDJLQJ
DSSOLFDWLRQV WKDW FRXOG SRWHQWLDOO\ EHQHILW IURP KLJK
SHUIRUPDQFHPPZDYH,&V>@
3RZHU GHWHFWRU LV RQH RI WKH IXQGDPHQWDO EORFNV RI D
UDGLRPHWHU V\VWHP 7KH VHQVLWLYLW\ RI D UDGLRPHWHU LV
GHWHUPLQHG E\ FRXSOH RI IDFWRUV VXFK DV WKH SUHGHWHFWLRQ
JDLQEDQGZLGWK LQWHJUDWLRQ WLPH DQG WKH QRLVH HTXLYDOHQW
SRZHU1(3RIWKHGHWHFWRU7KH3'KDVDODUJHLPSDFWRQWKH
V\VWHPVSHFLILFDWLRQVVXFKWKDW WKHQRLVHDQGWKHUHVSRQVLYLW\
RI WKH GHWHFWRU GLFWDWH WKH UHTXLUHG JDLQ RI WKH SUHGHWHFWLRQ
VWDJH
6L*H +%7V DUH ZLGHO\ XVHG LQ KLJK IUHTXHQF\ DQG ORZ
SRZHU DSSOLFDWLRQV VLQFH EDQGJDS HQJLQHHULQJ HQDEOHV 6L*H
SURFHVV WR DFKLHYH KLJK FXWRII IUHTXHQF\ IW PD[LPXP
RVFLOODWLRQ IUHTXHQF\ IPD[ HDUO\ YROWDJH 9$ KLJK
EUHDNGRZQYROWDJH%9&(2DQGORZIFRUQHUIUHTXHQF\>@
,Q WKLV ZRUN ZH SUHVHQW WZR KLJK UHVSRQVLYLW\ SRZHU






A. W-Band Power Detector 
7KH VFKHPDWLF RI WKH:%DQG3' LV VKRZQ LQ)LJ 7KH
LQSXWSRZHU LVGHWHFWHG WKURXJK WKH LQSXW WUDQVLVWRU 4 WKDW
JHQHUDWHVD'&FXUUHQWSURSRUWLRQDOWRWKHLQSXWSRZHUZKLFK
WKDQUHIOHFWHGRQWRDORDGUHVLVWRUWRREWDLQWKHFRUUHVSRQGLQJ
'& YROWDJH DW WKH RXWSXW  7KH RXWSXW WUDQVLVWRU 4 KDV
VHYHUDO GHVLUHG IXQFWLRQV ,W HVVHQWLDOO\ DFWV DV D EXIIHU
EHWZHHQ WKH ORDG UHVLVWRU DQG WKH LQSXW7KHXVHRI4 IL[HV
WKH FROOHFWRU YROWDJH RI 4 WKXV KHOSLQJ 4 WR VWD\ RXW RI
VDWXUDWLRQ LQGHSHQGHQW RI WKH LQSXW SRZHU4 FRXOG VWLOO EH
VDWXUDWHG LQ WKLVFDVHEXW QRZ WKHPD[LPXPYROWDJHGURSDW
WKHRXWSXW LV GHWHUPLQHGE\ WKH%9&(2RI4 LQVWHDGRI4
7KLVLVXVHIXOVLQFHLWLVVKRZQWKDWD6L*H+%7ELDVHGZLWKD
IRUFHGHPLWWHUFXUUHQWFRXOGKDYH%9&(2DVKLJKDVWKHWZLFH
RI DQ +%7 ELDVHG IURP EDVH >@ 7KLV IHDWXUH DOORZV WKH
GHVLJQHU WR XVH D ODUJHU ORDG UHVLVWDQFH DQG KLJK VXSSO\
YROWDJH ZLWKRXW KDYLQJ G\QDPLF UDQJH OLPLWDWLRQV DQG WKH
ODUJH ORDG ZLOO LPSURYH WKH UHVSRQVLYLW\ RI WKH GHWHFWRU
+RZHYHU WKHXVHRI4KDVVHYHUDOGUDZEDFNVDVZHOO(YHQ
WKRXJK WKH RXWSXW QRLVH LV GRPLQDWHG E\ 4 DQG WKH ORDG
UHVLVWRU4DOVRFRQWULEXWHVVOLJKWO\WRWKHRYHUDOO1(3RIWKH
GHWHFWRU+DYLQJ4DOVRUHTXLUHVDQDGGLWLRQDOELDVYROWDJHDW
WKH EDVH ZKLFK PLJKW QRW EH GHVLUDEOH IRU VLQJOH VXSSO\
GHVLJQV$OVRXVLQJDODUJHORDGDWWKHRXWSXWDOVRPHDQVWKDW
D UHODWLYHO\ ODUJH VXSSO\ YROWDJH 9 LQ WKLV GHVLJQ LV










$QDQDO\VLVSUHVHQWHG LQ>@ VKRZV WKDW WKH1(3LV LQYHUVHO\
SURSRUWLRQDO DQG WKH UHVSRQVLYLW\ LV SURSRUWLRQDO WR WKH ORDG
VL]H+DYLQJ DQ DUELWUDULO\ ODUJH ORDG LV DOVRQRW XVHIXO VLQFH
WKHLQSXWLPSHGDQFHRIWKHORZIUHTXHQF\DPSOLILHUIROORZLQJ
WKHGHWHFWRUVWDJHZRXOGORZHUWKHHIIHFWLYHORDGLPSHGDQFH
7KH ELDV SRLQW DQG WKH LQSXW WUDQVLVWRU VL]H DUH DOVR
H[WUHPHO\ LPSRUWDQW WR HQVXUH KDYLQJ D ORZ1(3 7KH+%7
VKRXOGRSHUDWHLQDQRQOLQHDUUHJLRQWRPD[LPL]HWKHVHFRQG
RUGHU UHVSRQVHRI WKH WUDQVLVWRU )LJ LOOXVWUDWHV WKH1(3YV





ZRXOG GHFUHDVH WKH UHVSRQVLYLW\ RI WKH GHWHFWRU /RZ ELDV






RWKHU E\SDVV FDSDFLWRUV ZHUH LPSOHPHQWHG ZLWK PHWDO
LQVXODWRUPHWDO 0,0 FDSDFLWRUV 7KH FDSDFLWRU DW WKH
FROOHFWRURI4ZDVXVHGWRFDQFHOWKHIXQGDPHQWDOKDUPRQLF
RIWKHLQSXWVLJQDO0LFURVWULSOLQHV06/VZHUHXVHGDV7/V
06/VZHUHPHDQGHUHGZKHQHYHUSRVVLEOH WRNHHS WKH OD\RXW
RI WKH GHWHFWRU DV FRPSDFW DV SRVVLEOH )XOO FKLS (0
VLPXODWLRQV ZHUH SHUIRUPHG LQ $'6 WR HQVXUH D ILUVW SDVV
GHVLJQ
B. D-Band Power Detector 
)LJ  SUHVHQWV WKH FLUFXLW VFKHPDWLF RI 'EDQG 3' $
FRPPRQHPLWWHU WRSRORJ\ZDVXWLOL]HG LQ WKLVGHVLJQ VLQFHDW
KLJKHUIUHTXHQFLHVLWLVH[SHFWHGWKDWWKH1(3ZRXOGEHKLJKHU
GXH WR ORZHU UHVSRQVLYLW\FDXVHGE\ WKHZHDNHUVHFRQGRUGHU
UHVSRQVHRI47KHUHIRUHLQ'EDQG3'FLUFXLW4FDVFRGH
WUDQVLVWRUZDVQRWXVHGWRDYRLGLWVKLJKHUQRLVHFRQWULEXWLRQ
&RQVHTXHQWO\ WKH ORDG UHVLVWDQFH LV DOVR UHGXFHG WR  N







PDWFKLQJ DQG GRXEOH VWXE PDWFKLQJ ZDV HPSOR\HG XWLOL]LQJ
VKRUWHGVWXEV7KLVXOWLPDWHO\LQFUHDVHVWKHLQSXWRKPLFORVVHV




H[SODLQHG HDUOLHU 6LPLODU WR:EDQG 3' GHVLJQ DOO WKH 7/V
ZHUHPHDQGHUHGWRUHGXFHWKHWRWDODUHD
7KH  I) FDSDFLWDQFH LV XVHG DV '& EORFN DQG DOVR IRU










:%DQG VSDUDPHWHUV ZHUHPHDVXUHG XVLQJ D5	6:5
IUHTXHQF\ H[WHQVLRQ PRGXOH FRQILJXUHG ZLWK WKH 91$ DQG
P*6*SUREHV7KHUHIHUHQFHSODQHZDVVHWWRSUREHWLSV
E\62/7FDOLEUDWLRQXVLQJ DQ ,PSHGDQFH6WDQGDUG6XEVWUDWH
,66 7KH 63DUDPHWHUV RI WKH '%DQG 3' ZDV PHDVXUHG
XVLQJD5	6:5 IUHTXHQF\H[WHQVLRQPRGXOHFRQILJXUHG
ZLWK WKH 91$ DQG  P SLWFK VL]HG SUREHV 5HVSRQVLYLW\
PHDVXUHPHQWV RI WKH 3'V ZHUH SHUIRUPHG XVLQJ D FRKHUHQW
WHVW VHWXS VKRZQ LQ )LJ  FRQVLVWLQJ RI D VLJQDO JHQHUDWRU
9',DFWLYHPXOWLSOLFDWLRQFKDLQVGLUHFWLRQDOFRXSOHUVGRZQ
FRQYHUVLRQPL[HUVDQGDQRVFLOORVFRSHWRPHDVXUHWKHRXWSXW
























)LJ 6LPXODWHG DQG PHDVXUHG UHVSRQVLYLW\ DQG 1(3 UHVXOWV RI
WKHD:EDQGDQGE'EDQG3'V
)LJ  VKRZV WKH VLPXODWHG DQG PHDVXUHG 1(3 DQG
UHVSRQVLYLW\UHVXOWVRIERWKWKH3'V7KHSHDNUHVSRQVLYLW\RI
WKH:%DQG 3' LV  N9: DQG LW VWD\V DERYH  N9:
EHWZHHQ  WR  *+] DQG WKH 1(3 LV EHWWHU WKDQ 
S:+] LQ WKH VDPH IUHTXHQF\ UDQJH ZKHUHDV IRU WKH '
%DQG3'WKHSHDNUHVSRQVLYLW\LVN9:DQGLVDERYH
N9: IRU DURXQG RI WKH HQWLUH EDQGZLGWK 7KH1(3 LV
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([FOXGLQJSDGV

WHFKQRORJLHV DUH SUHVHQWHG LQ 7DEOH  &RPSDUHG WR RWKHU
VWXGLHV EHWWHU UHVSRQVLYLW\SHUIRUPDQFHV KDYHEHHQ DFKLHYHG
WKURXJK KLJKHU YDOXH ORDG UHVLVWRUV $OWKRXJK LW UHVXOWV LQ
ORZHUFRPSUHVVLRQSRLQWVXFKDVDURXQGG%PWKLVLVQRWD
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